A mos-specific antiserum was generated by injection of rabbits with a peptide predicted from the sequence of the v-mos gene of Moloney murine sarcoma virus (MuSV) strain 124. The peptide is composed of amino acids 37-55 (cyclized at the cysteine residues) conjugated to keyhole limpet haemocyanin. This serum [antimos(37-55c)] specifically recognized p37 m°~ in MuSV-124 acutely infected NIH-3T3 cells, P85gag-mos in 6m2 cells, an NRK clone infected with the temperature-sensitive mutant (tsll0) of Moloney MuSV, and P100 gag .... in 54-5A4 cells, an NRK clone infected with a spontaneous revertant of ts110. An additional protein of Mr 55000 from uninfected cells was recognized by this serum. Reactivity of the serum toward the vinos-containing proteins and the 55K protein was completely inhibited by prior incubation with free peptide. The 55K protein was not recognized by antisera made. from synthetic peptides prepared from the C-terminal eight or 12 amino acids of v-mos.
INTRODUCTION
Among the many oncogenes currently under study, the mouse sarcoma (mos) gene appears anomalous in many respects. Unusual features of the gene include no introns between the coding sequence analogous to v-mos (Jones et aL, 1980; Oskarsson et al., 1980) , no apparent transcription of c-mos-specific mRNA in many tissues tested at several stages of development (Muller et aL, 1982) and hypermethylation (Gattoni et al., 1982) . The only reported transcription of c-mos occurs after DNA rearrangement (Rechavi et al., 1982) . Furthermore, in cell lines infected with wild-type routine sarcoma virus (MuSV), expression of v-mos occurs in minute amounts (Papkoffet al., 1982; Stanker et al., 1983a) , possibly because the gene product is toxic (Papkoff et al., 1982) . Thus, studying the normal expression of c-mos, the potential for transformation by aberrant expression of this gene, and even transformation induced by MuSV has proven difficult.
Analysis of transformation by the v-mos gene product has been greatly facilitated by a temperature-sensitive mutant, tsll0, which previous studies in this laboratory have demonstrated produces easily detectable levels of an unstable 85 000 mol. wt. gag-mos fusion protein (Horn et al., 1981) . A revertant of this mutant, designated 54-5A4, produces a stable 100000 tool. wt. protein in even larger amounts (Stanker et al., 1983b) . Studies of cell lines infected with these mutants have revealed several interesting properties of gag mos proteins. P85g~g .... has an associated protein kinase activity (Kloetzer et al., , 1984 , is structurally labile at the non-permissive temperature (Stanker et al., 1983 c) , is associated with lipid (Gallick & Arlinghaus, 1984) , and appears to be produced from a 3.5 kb gag-mos mRNA derived from the larger 4-0 kb viral genome by a splicing mechanism (Nash et al., 1984; Junghans et al., 1982) .
To analyse transformation in cell lines containing MuSV and variants, and to characterize more accurately which portions of the transforming protein are involved in the above properties, ~" Present in this analysis but not integrated.
was used per injection. Rabbits were boosted at 2-week intervals until detectable immunoprecipitation ofgag-mos proteins was achieved, the antiserum is identified as anti-mos(37-55c) serum. Anti-C3 serum was prepared as described by Papkoffet al. (1982) . It is made from a v-mos peptide representing the 12 C-terminal amino acids of p37 m°s as predicted by the Van Beveren et al. (1981) sequence. Anti-C2 serum and C2 peptide were kindly provided by T. Hunter of the Salk Institute (La Jolla, Ca., U.S.A.). C2 is the Cterminal eight amino acids (Papkoff et al., 1983) of v-mos predicted by Van Beveren et al. (1981) .
Metabolic labelling oJ cells. Immunoprecipitation and gel electrophoresis. For cell lines infected with the mutant strains of MuSV, lysates were prepared in a detergent-containing buffer as described by Naso et al. (1975) . Acutely infected cells were washed after the labelling period with Tris-buffered saline, and solubilized for 10 min at 4 °C with RIPA buffer (0-15 MNaCI, 0.01 M-sodium phosphate pH 7-0, 1 °/o NP40, 1% sodium deoxycholate, 0-1 ° o SDS, 1 °/o trasylol). Blocking of the antibody was done with the cyclic peptide at a ratio of 1.6 lag peptide per 40 lal antiserum. Lysates were clarified by centrifuging at 20000 r.p.m, for 30 rain in a Beckman J2-21 centrifuge using type JA-20 rotor, indirect precipitation was performed on all samples using formalin-inactivated Staphylococcus aureus (Cowan I strain) as described by Kessler (1975) . The precipitates were washed three times, the proteins dissolved by boiling in sample buffer containing 10°,~, 2-mercaptoethanol and analysed by SDS PAGE on 8!'/o acrylamide gels (Arcement et al., 1976) . Gels were dried and radioactive proteins were visualized using preflashed films (Jamjoom et al., 1977) .
Western blotting. Western blotting of proteins was done by a modification of the procedure of Anderson et al. (1982) . Confluent cells from a T25 tissue culture flask were rinsed in PBS pH 8-0 and lysed for 10 min at 4°C in SDS-PAGE buffer containing 2°.~ SDS, 10?.o 2-mercaptoethanol 0-001 M-EDTA, 0.005% bromophenol blue, 5°//O glycerol, 0.01 M-Tris-HCl pH 8.0. The sample was boiled for 5 min, cooled to 20 °C and centrifuged at 40000 r.p.m, for 30 min in a Beckman Ti-50 rotor. The supernatant was run by standard SDS-PAGE techniques, after which proteins were electroblotted from the gel onto nitrocellulose filter paper (Towbin et at., 1979) for 1 h at 100 V, Blotted protein standards were separated from the rest of the nitrocellulose and stained in a 0-1 °,o~ amido black solution. The rest of the nitrocellulose filter was rinsed in TNE/NP40 buffer (0.15 M-NaC1, 0.002 M-EDTA, 0-1 ~ NP40, 0.05 M-Tris, pH 7.5), then preblocked for 3 h in a plastic bag containing 2 ml per gel lane of TNE/NP40 with 3°/o bovine serum albumin (BSA). After blocking, fresh buffer containing the antiserum to be tested (1:400 dilution) was added and the binding of antibody was allowed to proceed for 12 h at 4 ~C. Filters were washed five times with T N E/N P40 buffer, placed in a plastic bag and incubated with 0.02 laCi/ml 12 s I-labelled staphylococcal Protein A (sp. act. 40 mCi/mg: Amersham) in TNE/NP40 buffer containing 3 ,° o BSA. After incubation, filters were washed four times with TNE/NP40 and then once in TNE/NP40 containing 1.2% glycerol. Filters were dried and autoradiographed at -70 °C with Kodak Lightning-Plus intensifying screens (Bonner & Laskey, 1974) . 
RESULTS

Immunoprecipitation o f p37 '.°~
Because of the minute amounts of p37 m°s synthesized in MuSV-transformed cells, this protein has been difficult to detect with specific antisera. However, in acutely infected cells, a transient increase of the v-mos product is observed (Papkoff et al., 1982) . Therefore, to detect p37m% immunoprecipitations were performed 72 h after de novo infection of NIH/3T3 cells with supernatant of MuSV-124. The results of immunoprecipitation from the cells labelled for 12 h with [3SS]methionine are shown in Fig. 1 . A number of bands were detected in the gel when immunoprecipitation with the anti-mos(37-55c) serum was performed (Fig. 1, lane 1) . However, when the specific reactivity of the serum was inhibited by prior addition of excess free 37-55c peptide, only one band, of M~ 37000, was specifically blocked (Fig. 1, lane 2) . A doublet of about 70000 to 75000 mol. wt. appeared to be blocked in this experiment but it was not reproducible.
Thus, the antiserum to the 37-55c peptide appears to react specifically with the wild-type mos product in acutely infected cells. The anti-mos sera prepared as described by Papkoff et al. (1982) , termed anti-C3, was also used to detect p37 m°~. Lane 3 shows a faint band of p37 m°~ at this exposure which was not seen when the antibody was blocked with the C3 peptide. Thus, the antisera to cyclic v-mos peptide 37-55c specifically recognized p37 ~°~. A key element in this experiment is the use of 10~ 2-mercaptoethanol in the sample buffer necessary to release the p37 m°~ from the immune complex.
Immunoprecipitation of gag-mos proteins
The difficulties in detecting and therefore studying the function of p37 ~°~ in prototype MuSV strains have prompted this laboratory to investigate two cell lines, designated 6m2 and 54-5A4, which produce gag-mos fusion proteins in easily detectable amounts. Previous studies from this laboratory have demonstrated that 6m2 cells (an NRK clone containing ts110 virus) grown at 33 °C express two virus-specific proteins with Mr values of 85000 (P85) and 58000 (P58). Immunoprecipitation experiments and tryptic mapping studies have shown that P58 is a product of the gag gene and contains p15, p12 and truncated p30 sequences, but no pl0 sequences and has thus been designated P58 gag. P85 contains additional tryptic peptides which are identical to the v-mos gene product observed in translations in vitro of viral RNA from either MuSV-124 (Arlinghaus et al., 1980) or Mo-MuSV 349 (Horn et al., 1981 ; . Therefore, the protein has been designated P85 gag .... . Thus, antisera to the gag proteins p15, p12 and p30 would be expected to precipitate both P58 gag and P85 gag .... , whereas mosspecific antisera should only specifically precipitate P85 gag .... . 54-5A4 ceils, infected with a spontaneous revertant of tsl 10, synthesize a major virus protein of MT 100 000 which contains tryptic peptides ofpl5, p12 and p30 (more p30 peptides than are observed in P85 gag .... ) as well as v-mos peptides (Stanker et al., 1983b) . This protein has thus been designated P100 gag .... . The results of immunoprecipitation experiments conducted on 6m2 and 54-5A4 cells are shown in Fig. 2 . Lanes 1 are the result of immunoprecipitation with anti-pl0 serum. As expected, no virus-specific bands were recognized by this serum. Lanes 2 show the results of precipitation with anti-p 15 serum. In 6m2 ceils (Fig. 2 a) , both P58 gag and P85 g~g .... were recognized, and in 54-5A4 cells (Fig. 2b) , P100ga9 .... was recognized, in agreement with previous results (Stanker et al., 1983 b) . Lanes 3 demonstrate that antiserum directed against the 37-55c peptide precipitated P85gag .... in 6m2 cells (Fig. 2a) and P100 g~g .... in 54-5A4 ceils (Fig. 2b) . Lanes 4 are the result of immunoprecipitations identical to lanes 3, except that the reactivity of the antisera was blocked by addition of excess free 37-55c peptide. The only bands not seen in lanes 4 which are observed in lanes 3 are P85 gag .... in 6m2 cells (Fig. 2a) and P100 gag .... in 54-5A4, indicating that these proteins specifically react with this antiserum. Thus, the antiserum to the synthetic mos peptide specifically immunoprecipitates only mos-coded proteins.
Proteins p37 m°~, P85 gag .... and P 100 gag .... are also recognized by anti-mos(37-55c) in Western blots. However, while gag-mos proteins can be detected in chronically transformed cells, p37 ~°~ can only be detected by Western blotting in acutely infected cells (data not shown) apparently because of its low abundance (Papkoff et al., 1982) . Recently, we have been able to detect p37 m°~ in acutely infected as well as chronically infected cells using anti-mos(37-55c) in immune complex kinase assays (data not shown).
Recognition of a cellular protein by anti-mos(37-55c)
Because the denatured protein from an SDS-polyacrylamide gel may expose antigenic sites buried in the native protein, detection of proteins with antisera directed against synthetic peptides is often facilitated by Western blotting. Thus, specific reactivity of antiserum directed against the 37-55c peptide with gag-mos proteins was first demonstrated by this procedure before immunoprecipitating antibodies were detected during the immunization schedule (data not shown). Further, this antiserum was found to recognize strongly a protein of Mr 55000 (termed P55) in a variety of normal cell lines tested by Western blotting. Fig. 3 (a) demonstrates reactivity of the Mr 55000 band with rat cells (lanes 1, 2) , mouse cells (lanes 3, 4) and human cells (lane 5). When normal rabbit serum (Fig. 3d) or immune serum whose specific reactivity with mos had been blocked by prior addition of excess free 37-55c peptide (Fig. 3b) was employed in identical immunoblotting experiments, reactivity with the Mr 55 000 protein was not observed. However, when reactivity to the carrier K L H was blocked by prior addition of an excess of this protein (Fig. 3c ) reactivity of the serum with the Mr 55000 protein was unaffected, indicating that the cross-reactivity of this protein is specific to the 37-55c peptide. Anti-mos(37-55c) serum has been shown to immunoprecipitate P55. Immunoprecipitation of [35S]methionine-pulsed cell extracts indicated that P55 contained antigenic determinants reactive with anti-mos(37-55c) serum (Fig. 4, lanes 1,2 and 4) but not with an antiserum directed against the C-terminal eight amino acids (anti-C2 serum) of v-mos (Fig. 4, lane 5) , When antimos(37-55c) serum was blocked with excess 37-55c peptide, P55 disappeared (lane 3). Blocking with an unrelated peptide had no effect on the reactivity of the serum towards P55 (lane 4). Maximal detection of P55 was obtained when cells were pulse-labelled with 1 mCi/ml [35S]methionine for 15 min and were lysed in NP40 lysis buffer. Detection of p37 m°s was very poor under these conditions due to the presence of non-specific proteins in the 37000 to 40000 mol. wt. region.
To examine further the extent of homology between v-mos protein sequences and P55, we examined cell extracts containing P55 with anti-C3 serum by Western blotting. anti-C3 serum antibodies recognized P85 gag-m°s in Western blots and the reactivity was blocked with an excess of peptide (Fig, 5, lanes 1, 2) . However, anti-C3 serum failed to react with P55 (Fig. 5, lane 3) . This result suggests than homology between p37 and P55 is only partial and may be limited to the 37 to 55 amino acid sequence of v-mos.
DISCUSSION
Antisera directed against synthetic peptides have proven useful reagents in the specific recognition and subsequent analyses of transforming proteins of retroviruses as well as their cellular counterparts. Antisera against a peptide (termed C3) representing the carboxy-terminus of v-mos has been demonstrated to recognize specifically p37 m°s in MuSV-124-infected cells (Papkoffet al., 1982) as well as P850ag . . . . in tsl 10-infected cells (Stanker et al., 1983a; Papkoff& Hunter, 1983) and P 100 gag .... in a revertant cell line (Stanker et al., 1983 b) . However, because of the variability in the various C-termini of viral (Papkoff et al., 1982; Brown et al., 1984) and cellular mos genes (Van Beveren et al., 1981) , antisera directed against conserved regions of the gene may be more broadly reactive. Furthermore, to study the effect of post-translational modifications of mos and g a g -m o s proteins, such as addition of lipid (Gallick & Arlinghaus, 1984) , and activities of the protein, such as kinase activity (Kloetzer et al., , 1984 , antisera directed against several portions of the molecule may provide useful tools. The data presented in this report indicate that antiserum to a cyclized peptide comprising amino acids 37 to 55 of the predicted v-mos sequence (Van Beveren et al., 1981) specifically recognized the env-mos protein p37 m°s and g a g -m o s proteins in cells infected with variants of MuSV-124. was somewhat less efficient in recognizing P85 and P100 than the anti-pl5 serum (Fig. 2) , possibly due to lower avidity of the antibody or lower titre. 2, anti-mos(37-55c) ; lane 3, immune complexes derived using 37-55c v-mos peptide-blocked anti-mos(37 55c) serum; lane 4, myc peptide-blocked anti-mos(37 55c) immunoprecipitate; lane 5, anti-C2 immunoprecipitate. Cells were incubated for 15 min at 37 ~C in methionine-deficient MEM containing l mCi/ml ~3sS]methionine and 10,°~ dialysed foetal calf serum. Radioactive media were thoroughly decanted and 0-5 ml NP40 lysis buffer (1% NP40, 150 mMNaCI, 1 mM-EDTA, 100 KIU aprotinin/ml, 10 mM-sodium phosphate, pH 7.2) added per 25 cm-' of cells. After incubating cells in lysis buffer on ice, cells were scraped and the lysate clarified by centrifuging at 50000 g for 30 min. Immunoprecipitation was performed for 1 h and the immune complexes washed once with NP40/PBS (0.1% NP40, 150 mM-NaCl, 10 mM-sodium phosphate, pH 7-2), followed by two washings in RIPA buffer. Samples were then prepared for electrophoresis as described in Methods. The gel was prepared for autoradiography and exposed to Kodak XAR~5 film for 36 h. 2) and L~E,~ rat myoblasts (lanes 3, 4) were subjected to SDS PAGE followed by Western blotting. The filters were reacted with anti-C3 serum (lanes 1, 3) or anti-C3 preblocked with C3 peptide (4 gg per 50 gl serum; lanes 2, 4). The arrows mark the location of either P55 or P85 g~g .... based upon relative position of markers.
The anti-mos(37-55c) sera also recognized a cellular protein of M r 55000 in uninfected cells. Because of its apparent ubiquitous expression a m o n g several cell lines, this protein is probably not the translation product of the c-mos gene, which is apparently transcriptionally silent in most cell lines and mouse tissues tested (Gattoni et al., 1982) . However, since reactivity to this protein was prevented by blocking the antisera with excess peptide while reactivity was unaffected by blocking with carrier K L H , the Mr 55000 protein appears to be structurally related to the v-mos product. P55 was, however, not recognized by two C-terminal mos antisera m a d e from either a C-terminal 12 a m i n o acid or eight a m i n o acid peptide. Thus, the relationship of P55 to v-mos proteins may only lie in the 37 to 55 amino acid domain of v-mos proteins. These results suggest that P55 is not a c-mos gene product. Furthermore, P55 decreases in L6E 9 rat myoblasts acutely infected with MuSV-124 as the v-mos product increases, indicating that the protein may play a role in transformation by MuSV (B. Singh & R. B. Arlinghaus, unpublished results). Thus, P55 may be involved in normal functions of cells and yet be related to a protein responsible for transformation. Such a possibility would be of importance in the understanding of the mechanism of action of transforming proteins. Studies are in progress to understand better this result and to identify the P55 protein.
